were shown to be the most significant variables for distinguishing between organically and 26 conventionally cultivated fruits. It was not possible to define general threshold limits typical of 27 organic fruits because these parameters are influenced also by fruit specie, cultivar, year and site of 28 production. Combining isotopic and chemical markers a good discrimination between organic and 29 conventional fruits of different species was achieved. 30 31 Introduction 32
The application of nitrogen stable isotope ratio 15 N/ 14 N (expressed as G 15 N) analysis to discriminate 33 organic from conventional cultivation has been discussed in detail previously (Bateman, Kelly & 34 Woolfe, 2007; Rogers, 2008) . It is based on the fact that synthetic nitrogen fertilisers, commonly 35 used in conventional agriculture and not permitted in organic agriculture, have G 15 N values 36 significantly lower (from -6‰ to 6‰) than the manures and fertilisers (from 1‰ to 37‰) permitted 37 in organic agriculture (Bateman & Kelly, 2007) . Because for most terrestrial plants (except for N 2 -38 fixator plants) the applied fertiliser is one of the main sources of nitrogen, organic crops should 39 exhibit G 15 N values significantly higher than their conventional counterparts. This was in fact 40 observed in several recent studies concerning principally vegetable crops produced mainly under 41 controlled conditions (Nakano, Uehara, & Yamauchi, 2003; Choi, Lee, Ro, Kim & Yoo, 2002; 42 Choi, Ro, & Hobbie, 2003; Bateman, Kelly & Jickells, 2005; Georgi, Voerkelius, Rossmann, 43 Grassmann & Schnitzler, 2005; Schmidt et al, 2005; Rapisarda, Calabretta, Romano & Intrigliolo, 44 2005; Bateman, Kelly & Woolfe, 2007; Camin et al., 2007; Flores, Fenoll & Hellín, 2007; Kelly & 45 Bateman, 2009; Rapisarda, Camin, Fabroni, Perini, Torrisi & Intrigliolo, 2010) . In general it can be 46 concluded that the G 15 N analysis can be a useful discriminant tool for glasshouse grown crops and 47 for other crops requiring intensive horticulture, but not for all cultivation typologies especially in 48 soil grown crops with a long growth cycle. It was also suggested to combine this analysis with other 49 analytical approaches (other stable isotope ratios or secondary metabolic profiling) to improve the 50 discrimination capability. It is of note that most of the publications concerned crop production, 51 whereas only two papers investigated fruits. 52
In this work we present the measurement of several isotopic and chemical- (Otsuchi, Sanriku, Carvalho, 86 Hayashizaki & Ogawa, 2008; Schmidt, Quilter, Bahar, Moloney, Scrimgeour & Begley, 2005) . 87
However, to our knowledge no evidence of these latter differences are reported in the literature. 88
The aim of the present study was to assess if the combination of several analytical 89 approaches allow to discriminate between organic and conventional fruits. This is an important 90 issue because despite the increasing higher value of the organic market, traceability of organic 91 products is solely based on adherence to specific guidelines (EC Regulation No. 834/07 Physicochemical parameters (fruit weight, juice yield, total soluble solids, titratable acidity and pH) 172
were measured using standard methods (Kimball, 1991) . The colour of the peel and pulp was 173 evaluated as CIE L*a*b* values using a Minolta CR-300 chroma meter (Minolta Camera C., Osaka, 174 Giappone). Ascorbic acid content was measured using a HPLC system (Waters, Milford, CA) 175 (Rapisarda & Intelisano, 1996) . Briefly, 10 mL of juice was diluted to 100 mL with a solution of 176 3% metaphosphoric acid. The sample was centrifuged at 5000 rpm for 20 min and filtered through a 177 0.45 µm syringe filter prior to HPLC injection. The column was a 250 mm x 4.6 mm i.d., 5 µm, 178
Hypersil ODS (Phenomenex, Torrance CA) and the solvent system was isochratic and composed of 179 0.02 M phosphoric acid at a flow rate of 1.0 mL/min. Total nitrogen in the juice was determined 180 according the Kjeldahl method and synephrine content determined using the HPLC method 181 described by Rapisarda et al. (2005 In another set of 20 fruits, the shelf life after 3 days at a temperature of 4°Celsius and 1 day at 219 ambient room temperature (19-21°Celsius) was evaluated, determining variation of colour ('E) and 220
Weight loss (Δp).
222
Statistical analysis 223
The data were statistically evaluated using Statistica v 8 (StatSoft Italia srl, Padua, Italy). 224 225
Results and discussion 226
In Tables 2, 3 Beside the production system, G 15 N of peaches was significantly (p<0.001) affected by cultivar and 256 year, whereas that of strawberry by cultivar, site of origin and by the interaction of site with 257 production system. For oranges, only the production system was highly significant (Table 2) . 258 G 13 C was found significant to distinguish organic and conventional peaches (p<0.01) and 259 strawberries (p<0.05) ( were exactly the same for the two crops. The lower values can be explained on the basis of the 265 higher microbiological activity of the organic cultivation, as described previously in the literature 266 (Georgi et al., 2005) . However, factors such as cultivar or site of production resulted in more 267 statistically significant differences of G 13 C values than the production system. 268
The G 2 H of pulp measured in a subset of samples, was shown to be highly significant (p<0.001) for 269 differentiating the production origin of strawberries whereas G 18 O of juice water was found to be 270 significant for peaches (p<0.05). Considering different years, cultivar or site (Tables 2-4 conditions of the production area or the different density of cultivation and growing of the plants in 277 the two agricultural regimes. These factors may effect the evapotranspiration process which is 278 known to be followed by significant differences in isotopic fractionation. As observed for G 13 C, 279 cultivar, year and site of production are however more significant than the production regime in 280 influencing both G 18 O and G + (Table 2- The G 34 S values of pulp were found not to be significantly affected by the production regime, but by 283 the cultivar, site and year of production and by the interaction of site and production system for 284 strawberries (Table 4 ). In fact, considering the sites separately ( It appears that G 15 N is the only isotopic parameter that can be reliably used as a marker of organic 288 fruits, because it discriminates the organic from the conventional fruits in most cases, and is less 289 influenced by other variables, such as cultivar, year and site of production. This discrimination 290 capability is reliable, if organic fertiliser is not used in the conventional regime as in the majority of 291 cases or if in the organic production the soil has not been managed with crop rotation and derived 292 from green manure based on leguminous (N-fixing) plants. 293 Considering the real minimum value as a threshold value, we found a limiting value of G 15 N of 294 4.6‰ for organic oranges, 0.4‰ for peaches and 1.8‰ for strawberries from Verona (Figure 1 ).
295
However, up to 77% for oranges, 46% for peaches and 66% for strawberries of the conventional 296 counterparts have G 15 N values higher than these limits. This overlapping is due to the fact that the 297 G 15 N of plants depend also on the soil G 15 N composition, that is influenced by many factors such as 298 climatic condition of the area, general soil conditions, long-term soil treatment and precedent land 299 use (Bateman et al., 2007) . However, even if these limits do not permit unequivocal differentiation 300 of the organic fruits from the conventional ones, we believe that they can be an important indicator 301
and an important starting point for a more complex analytical model capable of verifying the 302 organic declaration on the label. It is noteworthy that considering samples of a single cultivar 303 (Figure 1 ), the separation of organic from conventional fruits improves significantly, because other 304 factors play a less significant role. 305
The other isotopic parameters were shown to be less significant in the separation of organic from 306 conventional fruits, because they were more significantly affected by cultivar, year and site of 307 production and showed opposite trends. However, in the case of G 18 O of clementine juice water it 308 was found to be one of the few parameters capable of distinguishing the organic from the 309 conventional fruits. They could therefore be useful if combined with G 15 N or other variables in order 310 to improve the discrimination between organic and conventional products. 311 312
Chemical parameters 313 Ascorbic acid and Total Soluble Solids (TSS) were found to be the most significant parameters for 314 discriminating organic from conventional fruits ( Of the chemical characteristics, the N-poor compounds (that contribute to TSS) with an antioxidant 337 activity (ascorbic acid, phenolic compounds) were found to be the most significant markers of 338 organic fruits. They are generally higher in organic fruits because of the lower N availability and 339 higher pathogen pressure of the plants, which may result in the bio-synthesis of N-poor and 340 endogenous plant defence compounds (Carbonaro et al., 2002) 341 It is difficult to define a threshold limit for these parameters, due to the large natural variability 342 observed in these samples. In many cases in fact, the analytical parameters were more influenced by 343 cultivar, year and site of production than by the agricultural regime. 344 345
Combination of isotopic and chemical parameters 346
Because the combination of several analytical parameters has previously shown, in many cases, the 347 potential to improve the discrimination capability between food origin populations (Camin et al., 348 2010), we applied a multivariate canonical discriminate analysis to the most significant isotopic and 349 quality variables, in order to establish if it is possible to enhance the separation between organic and 350 conventional fruits. The canonical discriminant analysis (CDA) is a statistical analysis that 351 maximises the difference between groups by means of a combination of the variables. It was 352 applied only to orange and strawberry samples for which several analytical parameters were found 353 significant and for which the number of samples for different groups was more consistent. 354
For oranges, the CDA was applied to G 15 N, TSS, Ascorbic acid and Total N, that are the significant 355 parameters highlighted by the ANOVA test ( Therefore, the combination of many variables was able to improve the discrimination between 374 organic and conventional fruits, even if did not achieve a total (100%) separation between them. 375
If we reduce the variability factors, e.g. grouping the samples according to their cultivar (orange) or 376 the origin (strawberry), the separation between organic and conventional fruits becomes more 377 realistic. The Canonical Discriminant Analysis was applied to all the isotopic and quality 378 parameters, selecting the most significant ones for the discrimination between origin/cultivar and 379 agricultural regime, by performing a forward stepwise analysis (F to enter = 5; T = 0.01; number of 380 steps = number of variables): the variables were included in the model one by one, choosing at each 381 step the variable that made the most significant additional contribution to the discrimination (with 382 the largest F value). The variable was excluded from the model if it was redundant (T < 0.01). 383
Considering oranges, the stepwise discriminant analysis applied to 54 samples (complete dataset) 384 selected for the discrimination of the 2 cultivars and the 2 agricultural regimes in order of 385 significance: Tarocco oranges and of the 6 organic Navelina, 83% of the 6 conventional Navelina (1 sample was 391 misclassified as organic Navelina) and 72% of the 19 organic Tarocco (5 samples were 392 misclassified as conventional Tarocco). The percentage of correct reclassification was confirmed 393 after adopting the cross-validation procedure, excluding from the model each time 6 samples of 394 Tarocco oranges (3 organic and 3 conventional) and 2 of Navelina (1 organic CANs were computed. The combination of the first two canonical variables CAN1 (77%) and 412 CAN2 accounted for 91% of variability (scores plot shown in Figure 2 (-0.77) and 'E (-0.52). It is evident (Figure 2 ) that the 416 model is able to discriminate completely the geographical origin of strawberry and, inside each 417 area, it allows to distinguish also the agricultural regime. The reclassification discriminant analysis 418 correctly reclassified 98% of the samples also with the cross-validation procedure, reclassifying 419 correctly all the groups except for organic Cesena (88%, with 2 samples misclassified as 420 conventional Cesena). 421
To summarise, for oranges and strawberries, on the basis of the number or type of groups, different 422 parameters were selected as significant for the discrimination between the groups (to separate only 423 the agricultural regime or also cultivar or production site). Of the parameters, G 15 N was always 424 significant and ascorbic acid was significant in most of the cases. 425
For peaches, considering the 2 cultivars separately, an optimal discrimination between organic and 426 conventional fruits was achieved with G 15 N (Figure 1 ). For clementine other analytical markers are 427 needed in order to characterise the organic fruits. 428 429
Conclusions 430 The stable isotope ratio of nitrogen (expressed as G 15 N), ascorbic acid and total soluble solids (TSS) 431 were found to be the most significant isotopic and chemical markers for distinguishing between 432 organic and conventional fruits. It was difficult to define general threshold limits because most of 433 the markers are influenced not only by the agricultural system, but also by fruit specie, cultivar, 434 year and site of production. Nevertheless, these analytical measurements when applied with 435 sufficient background knowledge can provide extremely useful intelligence to corroborate paper 436 traceability or pesticide residue analysis information at the field or retail level. 437
By combining isotopic and quality markers and by applying multivariate discriminant statistical 438 tests, organic and conventional fruits were distinguishable, in particular when removing variability 439 factors such as site, cultivar and year of production. In order to use these analytical parameters for 440 verifying the authenticity of commercial organic fruits, it is necessary to previously analyse a 441 significant number of authentic organic samples representative of the production and to apply 442 multivariate statistical tests in order to select the most significant parameters on which to 
